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D.  E,A.  Rivett* 


1.  The  successful  preparation  of  fluorocitric  acid  is  described. 

2.  Attempts  to  synthesise  finer opyruviw  acid  by  five  different 
methods  all  failed. 
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!♦  Synthesis  of  fluorocitric  acid 


Introduction 


Fluorocitric  acid  is  at  present  suspected  of  being  the  metabolite 
responsible  for  the  toxicity  of  fluoroacetate  (for  a reoent  review 
see  (l)).  Since  this  material  had  been  isolated  from  natural  sources 
in  only  very  small  amounts  (a  few  milligrams),  it  was  very  desirable 
to  confirm  its  identity  by  synthesis.  Besides,  if  it  oould  be  made 
synthetically,  the  very  laborious  isolation  of  the  comparatively  large 
amounts  required  for  biochemical  studies,  would  bo  unnecessary. 

Method  of  Preparation 

Of  the  various  methods  used  for  the  synthesis  of  oitrio  acid, 
that  of  Lawrence  (2)  appeared  to  be  best  suited  for  the  preparation  of 
a substituted  citric  aoid,  even  though  a poor  yield  was  to  be  expected. 
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The  ethyl  fluoroxalaeetate  was  obtained  by  condensation  of  ethyl 
fluoroacetate  with  ethyl  oxalate  in  the  presence  of  sodium  othoxide. 

In  order  to  obtain  good  yields  it  was  important  that  the  3odio 
derivative  should  bo  rapidly  hydrolysed  with  excess  acid,  as  otherwise 
free  alkali  (formed  on  addition  of  water)  would  3aponiiy  the  ester  and 
give  rise  to  ;uch  unwanted  acidic  material.  Prom  the  high-boiling 
residues  a crystalline  fluorine-free  by-product  was  isolated,  at 
times  about  8$S  of  the  weight  of  fluoracctate  used.  It  failed  to  form 
a 2,4  dimitrophenylhydrazone  or  senicarbazone.  Although  it  reacted 
with  p-nitrobenzoyl  chloride,  and  with  benzoyl  chloride,  the  product 
could  not  be  obtained  crystalline.  The  acid  resulting  from  hydrolysis 
was  an  oil.  On  treatment  with  alcoholic  ammonia  it  furnished  a 
crystalline  material,  presumably  an  amide.  Infra-red  examination 
of  this  by-product  suggested  that  both  primary  alooholic  and  ether 
linkages  were  present,  and  that  it  contained  at  least  four  carbon 
atoms  joined  together  in  a chain.  The  structure  of  this  material 
is  still  undetermined. 

The  keformatsky  reaction  between  ethyl  fluoroxalaeetate  and 
ethyl  broraoacetate  gave  ethyl  fluorocitrate  in  about  12)S  yield. 
Hydrolysis  of  this  ester,  preferably  by  acid,  furnished  the  extremely 
hygroscopic  acid,  which  is  most  conveniently  handled  as  the  barium 
salt. 

Discussion 


The  infra-red  spectrum  of  the  synthetic  barium  fluorocitrate 
was  identical  with  that  of  the  barium  salt  of  the  active  fraction, 
isolated  by  Sir  Rudolph  Peters  at  Oxford.  The  infra-red  spectra 
of  natural  and  synthetic  barium  fluorolactate  and  of  ethyl  fluoro- 
citrate are  recorded  in  the  Appendix. 

Feters  has  measured  the  inhibitor  activity  of  sodium,  fluorocitrate 
by  incubating  it  with  kidney  enzyme  (for  a description  of  the  method 
see  (l)).  It  had  an  activity  of  1.13  H g.  (0. 0041  |i Mol.) /unit  which 
is  half  that  of  the  isolated  fluorotricarboxylic  acid.  With  two 
asymmetric  centres  in  the  molecule  of  fluorocitric  acid  four 
diaatereoisomers  (two  racemates)  are  possible.  It  is  possible  that 
only  one  racemate  is  active.  If  so,  the  synthetic  material  would 
possess  only  half  the  activity  of  the  natural  product. 

Toxicity  tests,  carried  nut  on  only  a few  animals,  indicated  the 
following  approximate  toxicity  figures: - 

Toxicity  of  fluorocitric  acid  (T223A) 

Rabbits,  subcutaneously  ^50  = ^ 

Rabbits,  intramuscularly  DD  = 4 mg./kg. 

pu 

Mice, subcutaneously  ^50  = 
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II.  ATTEMPTED  SYNTHESIS  OP  FLUOROFXRUVIC  ACID 


Introdn  -tion 


Because  of  the  important  part  played,  by  pyruvic  acid  aa  an 
intermediate  in  metabolic  processes  it  seemed  likely  that  fluor^pyruvie 
acid  world  strongly  inhibit  those  processes  in  the  same  way  aa  the 
aliphatic  fluoroacids,  mid  so  be  extremely  toxic.  Besides,  as  pointed 
out  by  i~i .enoweth  (3)  this  material  could  be  used  to  settle  some  of  the 
outstanding,  questions  concerning  the  mechanism  of  action  of  the 
fluoroacids.  Although  fluorC'pyruvic  acid  was  not  actually  prepared, 
it  was  C-  asidered  desirable  to  place  on  record  the  methods  used  in 
its  attempted  synthesis. 

Methods  ~f  Preparation. 

1.  The  replajcement  by  fluorine  cf  halogen  in  a substituted  pyruvic 
acid  was  obviously  the  method  to  examine  first  viz. 


XCK  . C.  CCOCdL  + MB’  a f.CH  . C.  COQR  + MX 

i ,!  2 5 2 ,, 


X = Z1 


M = K,  Na,  H,  NH^,  antimony 


However,  the  fluor.1  nation  of  ethyl  chloropyruvate  with  either  potassium 
fluorii . . sodium  fluoride  - bifluoride  mixture,  hydrofluoric  acid, 
ammonium  fluoride  cr  antimony  trifluoride  was  completely  unsuccessful. 
Unchanged  chloro-b  ly  was  the  only  isolable  material  from  these 
reactions.  Dr,  ' a.-V,  ^ittircn  (personal  ccrmmication)  has  obtained 
similar  ro3ul  using  potassium  cr  silver  fluoride  on  ethyl  chloro- 
and  bror.:.  - pyruvate- 


2.  The  standard  \ethed  of  preparation  of  2-keto  acids  from  acid 
bromides  via  the  keto-nitrilo  (A)  viz. 
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was  equally  unsuccessful.  No  liquid  product  could  be  distilled  from 
the  mixture  obtained  on  treating  fluoroacetyl  bromide  with  cuprous 
cyanide.  Both  Sir  Rudolph  Peters  and  Dr.  F.L.M.  Pattison  (personal 
communications)  have  obtained  similar  results. 


r 
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3.  Since  ethyl  lactate  oan  readily  be  oxidised  to  pyruvate  (5)  the 
following  sequence  of  reactions  was  the  next  considered: 
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Fluor o acet aldehyde  has  been  prepared  in  6$  yield  by  reaction  of 
fluoroethanol  with  manganese  dioxide  and  sulphuric  acid  (6).  It  was 
found  that  this  material  could  be  prepared  in  greatly  improved  yield 
(30$  as  determined  by  dinitrophenylhydrazone  formation)  by  the  0 
dehydrogenation  of  fluoroethanol  over  copper-barium  chromite  at  330  . 
The  crude  product  contained  much  polymer.  It  was  treated  with 
aqueous  sodium  oy:nide  (or  hydrocyanic  acid  containing  a little 
potassium  cyanide)  end  then  hydrolysed  with  concentrated  hydrochloric 
acid.  Only  small  amounts  of  fluorine-free  material  wore  obtained. 
This  method  having  proved  unsuitable,  others  were  examined.  It  wa3 
found  that  fluorolactic  ester  could  be  prepared  in  38$  overall  yield 
by  oxidation  of  epifluorohydrin  with  nitric  acid,  fo Hewed  by 
esterification  of  the  acid. 

Ethyl  fluorolactate  ( T 2230  ) is  only  slightly  toxic.  The 

mice,  subcutaneous  is  20C  mg. /kg.  for  tho  ester  and  150  mg. /kg. 
for  the  acid. 

Tho  next  stage,  the  oxidation  of  ethyl  fluorolactate  to  the 
pyruvate,  proved  very  disappointing.  Permanganate  was  considered  to 
be  the  moat  useful  oxiuant  anl  was  U3od  in  a variety  of  ways.  With 
free  fluorolactic  acid  it  gave  fluoroacctic  acid,  whilst  small  amounts 
of  starting  material  were  the  only  isolablc  products  obtained  with . 
ethyl  fluorolactate.  It  might  be  noted  in  passing  that  lactic  acid 
(or  its  ester)  yielded  pyruvic  acid  (or  its  ester)  under  identical 
conditions.  Fluorcpyruvic  acid  and  its  ester  appear  to  be  unstable 
and  are  oxidised  further  under  these  conditions.  Fenton's  reagent, 
acid  dichronate  and  alunium  isoproqwxide  were  equally  unsatisfactory 
oxidising  agents. 

Although  the  oxidation  of  fluorolactic  acid  to  pyruvic  acid 
has  so  far  not  met  with  success  it  is  still  considered  that  this  is ^ 
a very  promising  route  to  the  keto— acid.  It  is  a question  of  finding 

the  proper  oxidising  agent.  N-bromosuccinimido  and  N-broraoacet amide 
have  recently  been  used  with  signal  success  in  the  oxidation  of 
steroidal  secondary  alcohols  to  ketones  and  may  well  be  of  use  in  this 
case. 


t 
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4.  Wialicenua  (7)  first  described  the  conversion  of  ethyl  oxal acetate 
to  pyruvic  aoid  by  acid  hydrolysis.  This  method  has  reoently  been 
applied  to  the  synthesis  of  a series  of  <4.  -keto  acids  (8).  Hence, 
hydrolysis  of  ethyl  fluoroxalacetate  might  be  expected  to  produoe 
fluoropyruvic  acid. 


C00CoHc 

I 2 5 

PCI!  H20 


C - COOGgHc 
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CH,P 
i L 

C = 0 + CO  + CLHj-OH 

I 2 5 

COOH 


Ethyl  fluoroxalacetate  was  readily  decarboxylated  on  treatment  with 
hydrochloric  acid  but  the  small  amount  of  senicrystalline  product 
obtained  reacted  only  slightly  with  dinitrophenyl hydrazine.  Since 
there  is  no  reason  for  supposing  that  fluoropyruvic  acid  doe3  not 
form  a dinitrophenylhydrazone  (bronopyruvic  acid  and  ethyl  fluoroxal- 
acetate do)  it  is  considered  that  no  more  than  a trace  of  fluoropyruvii* 
acid  could  have  been  present  in  the  hydrolysis  product.  In  another 
experiment,  in  order  to  prevent  possible  decomposition  of  fluoropyruvie 
acid  during  distillation,  the  hydrolysis  product  was  estorified  before 
distillation,  but  again  it  gave  only  a slight  precipitate  with 
dinitrophenylhydrozine  solution. 


5.  Gault  and  co-workers  (9)  have  prepared  chloropyruvic  acid  from 
oxalacetio  ester  by  a rather  neat  method  viz. 
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+ OgH^CHO  quantitative  yield 

not  distillable 

+ CgHjOH  + C02 


Because  of  the  difficulty  of  fluorinating  with  elemental  fluorine  thi3 
procedure  was  adapted  thus  to  the  proposed  synthesis  of  fluoropyruvic 
acid: - 
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PCH2  C COOH  + CgH^  CKO  + C^OH  + C02 
0 

A reaction  appeared  to  occur  when  a mixture  of  ethyl  fluoroxalacetate 
and  benzeldehyde  was  saturated  with  hydrochloric  .acid  ga3,  for  heat 
was  evolved  and  high-boiling  material  was  producod.  Tho  crude  pjroduwfc 
was  hydrolysed  aid.  the  acid  fraction  separated,  but  it  gave  only  a 
faint  precipitate  with  dinitrophenythydrazine  solution.  Infra-red 
examination  confirmed  the  absence  of  any  carbonyl  group  in  thi3 
material  and  pointed  to  its  being  an  anhydride.  It  was  not  investigated 
further. 
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Experimental 


Ethyl  Fluor. 'xolaoot  ate 

Ethyl  i'luor oacet at o (122  g. ) y;us  :uidod  drop-wise  with  stirring 
at  roc:.;  temper utur o during  1,  hour-  to  a : ixturc  ut  ^thyl  oxcJLute 
(174  g,  ) aul  oth>.  (424  id. 'i  co:a  airing  /l-ii'uo  sodium 
othcxide  (from  23  g.  sodium^ . Two  :iyw  I.  t.r  thu  scwd-solid 
product  was  trohun  up  •oil  acidified  Ly  the  r .pid  addition  of  5^’ -hydro- 
chloric acid  (24c  ml.)  coded  to  -22".  3 low  addition  of  acid 

results  in  greatly  reduced  yield  of  oxai  acetate.  The  ether  layer 

was  separated  and  the  residue  tviico  extracted  with  ether.  The 
combined  other  extracts  were  washed  with  saturated  sodium  sulphate 
and  evaporated.  Distillation  of  the  residue  gave  ethyl  f luorox alacet at e 
as  a colourless  liquid,  rapidly  turning  pale  yellow  (.132  : 55$)  > 

t.p.  99 °/3  mm.  : ND25  1.4203.  Found:  C 47-2  U 5.43:  C8%°5P 

requires  C 46.6  H 5.4$.  It  gives  a reddish-brown  colour  -with 
ferric  chloride.  It  failed  to  for::',  a cop . or  enoltito  when  shaken  in 
chloroform  solution  with  aqueous  copper  acetate.  In  a buffered 
aqueous  alcoholic  solution  of  sonicari  aside  it  gave  on  standing  a 
violet-coloured  solution  but  no  solid  derivative.  The  2,4  dinitro- 
phenylhydr ozone  crystallised  fro;..  ;dcohol  in  yellow  needles, 

m.p.  1^5  • Found:  C 43.6  n 4.C  N 14-7j  C E 0 K F requires 

14  13  b 4 

c 43.5  H 3.9  r.  14.5)«. 

From  some  preparations  of  flucroxnlacetatc  there  was  isolated  a 
fairly  large  amount  of  material,  t.p.  14C'/l  nun  On  ailing  ether- 
petroleum  ether  mixture  end  leaving  at  O'  this  solution  deposited 
heavy  colourless  needles,  m.p.  - 74"  . raised  tc  7 0 - 71°  on 
reoryst allisat ion  from  the  same  solvent.  round:  C 46.^33,  45 • 95 > 

H 5.C7,  5.5o  % The  yield  was  scrvtiw.os  as  high  as  &/?  of  the 
fluoro acetate  used.  It  cont’iine  ’.  no  fluorine  ami  flailed  to  form 
a A init  r op'he  ny  lhy.lr  az  o ne  in  either  ethane  lie  or  acetic  acid 
solution.  It  is  readily  soluble  in  ether  and  ethanol,  insoluble 
in  petroleum  ether  and  water.  TThcn  a solution  of  this  material  in 
ethanol  (or  methanol),  saturated  with  ammonia,  was  allowed  to  stand 
crystals  formed  within  two  hours.  These  were  separated  and 
reoryst allised  from  water  to  form  tiny  needles,  nap.  201°  (dec.). 

Found:  C 29 *855  H 4^  N 18. 4,  17"S$>. 

Ethvl  fluorocitrate 

A mixture  of  ethyl  fluoroxalaoetate  (36.0  g. ),  ethyl  bromo- 
aoetato  (27.3  g.)  and  benzene  (50  ml.)  was  added  to  activated  zinc 
(13«6  g.)  at  such  a rate  as  to  maintain  gentle  reflux.  After  boiling 
under  reflux  for  a further  hour  3 N-sulphuric  acid  (100  ml.)  was  added 
to  the  cooled  solution.  The  benzene  layer  was  separated,  washed 
with  aqueous  sodium  carbonate,  dried  and  evaporated.  The  residue 


r 


distilled  with  30 me  decomposition  at  120°/lC“  mm.  to  give  crude  ester 
(7.6  g)  and  nuch  black  tar.  Redistillation  in  vacuo  furnished  pure 
material  (6.0  g;  12$);  ND25  1.439.  Found:  C 49.4  H 6.6;  C^H^OJ? 

requires  C 49*0  H 6.5c>.  it  crystallised  on  leaving  at  0 for 
several  weeks  and  formed  needles,  n.p.  41  . The  yield  of  ester  was 
not  improved  by  increasing  the  proportion  of  zinc  and  of  bromoacetate. 


The  fluorocitrate  (0.5  g.)  wa3  hydrolysed  by  boiling  under  reflux 
with  3 N-hydrochloric  acid  (15  ml.)  for  6 hours.  The  acid  was 
isolated  by  continuous  extraction  with  ether  and  dried  in  vacuo  for 
several  days  over  phosphorus  pentoxide.  It  is  very  hygroscopic  and 
was  converted  to  the  barium  salt  thus.  - 'alf  normal  sodium  hydroxide 
was  added  to  neutrality  followed  by  hot  aqueous  barium  chloride 
(0.8  g.  in  5 ml.).  The  cooled  solution  was  filtered,  the  precipitate 
washed  with  cold  water  till  free  of  chloride  ions  and  the  barium 
fluorocitrate  dried  at  11C°/10  mm.  (0.50  g. ) for  16  hours.  Found: 

Ba  49.34.  3/2  Ba  requires  Ba  45.87-  3/2  Ba  i HgO 

requires  Ba  49*  34$.  For  comparison  barium  citrate,  prepared  in  the 
sane  way,  was  also  analysed.  Found:  5a  51.53* - 3/2  Ba 

requires  Ba  52.14.  CgH^O-,  3/2  Ba  p H^O  requires  Ba  51.56$. 


The  attempted  fluorinaticn  of  ethyl  chloropyruvate 

The  ethyl  chloropyruvate  was  prepared  as  follows:  Ethyl  pyruvate, 

b.p.  14C  - 148°,  was  obtained  from  the  acid  by  azeotropic  distillation 
with  ethanol  and  toluene.  A mixture  of  this  ester  (61  g.)  and 
redistilled  sulphuryl  chloride  (72  ■>)  containing  a trace  of  benzoyl 
peroxide,  was  left  at  room  temperature  for  2 days  with  occasional, 
warming.  Distillation  of  the  product  in  vacuo  afforded  ethyl 
chloropyruvate,  b.p.  87  - 91°/l5  mm;  1.4441;  yield  66g. 

(83  $).  The  recorded  b.p.  is  9'^  / 15  r.m.  (1C). 

In  a typical  fluorinaticn  experiment  a mixture  of  chloro-ester 
(7.5  g.)  and  finely  powdered  dry  potassium  fluoride  (3.0  g.)  was 
stirred  for  3 hours  at  room  temperature.  Worming  the  mixture  even 
to  60°  caused  discolouration.  Dry  ether  (30  ml.)  was  added,  the 
solid  filtered  off,  the  solvent  evaporated  and  the  residue  distilled 
under  reduced  pressure  to  give  unch:inged  material  (1.4  g>)»  B.p. 

58°/6  mm.  When  the  reaction  temperature  was  raised  no  distillable 
product  was  obtained.  A similar  lack  of  success  attended  the  use 
of  sodium  fluoride-bifluoride  mixture,  antimony  trifluoride  in 
boiling  benzene,  hydrofluoric  aoid  and  of  ammonium  fluoride  as 
fluorinating  agents. 

The  reaction  of  fluoroacetvl  bromide  with  cuprous  cyanide 

Fluoroacetyl  bromide  was  prepared  from  fluoroaoetic  acid  and 
phosphorus  tribromido;  b.p.  87°.  The  recorded  b.p.  is  95  - 96  (ll). 

Cuprous  cyanide  was  prepared  in  a fume  cupboard  by  adding,  with 
shaking,  an  aqueous  solution  of  potassium  cyanide  (2  mols.)  to  a 
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3oluti 'll  of  copper  ^ulphate  (l  ml.),  the  temperature  of  the  mixture 
being  kept  belov;  25 ^ by  cooling.  The  precipitate  was  filtered  off, 
washed  end  dried  for  2 days  in  vacuo  over  phosphorus  pentoxide.  It 
reacted  satisfactorily  with  acetyl  bromide. 

Cuprous  cyanide  (11. 0 g, ) was  added  in  portions  through  the 
condensi '■  to  fluor~>acetyl  bromide  (17.0  g. ) cent. 'lined  in  a flask  fitted 
with  a reflux  condenser  and  drying-tube.  The  mixture  was  heated  for 
3 hours  in  an  oil-bath  at  130' . The  apparatus  was  then  set  for 
d:\vnwaid  distillation  under  c.  vacuum  of  40  mu.  but  no  distillate  was 
obtained. 

The  yrcy  ration  and  oxidation  of  fluvrolactic  ester 

(a)  Attempted  areparati ~n  from  fluoroethanol 

The  preparation  ox’  the  catalyst  and  the  procedure  used  for 
dehydrogenation  are  described  in  Vogel's  book  (12).  Because  the 
condenser  tenlod  to  become  blocked  with  the  large  amount  of  polymer 
farmed  it  was  dispensed  with,  and.  a wide  tube,  loading  into  a long- 
necked i“?.ask  ml  coded  ti  -25c,  was  connected  to  the  end  of  the 
combustion  - tube.  Less  polymer  fomel  on  v.vrkin • under  reduced 
pressure  mi  Later  oxp  eriments  wore  con  lucted  at  about  30  mu.  pressure 

In  x tyi-ical  experiment  fluoreothanol  (30  .>)  gave  20  g.  cf  product 
On  gent"  * warning  the  polymer  present  formed  a bleb.  The  supernatant 
liquid  c ontai'.ned  55/-  of  aldehyde  as  determined  by  means  of 
2 , 4-d in. . e r cp: b e ny It vvo  ir as i ne  (13).  Hydrogen  cyanide  (13  g)  was  added, 
no  heat  was  evolved,  uil  the  tightly  stoppered  flask  was  left  at 
room  temperature  f_r  4 days.  4x'ter  low-boiling,  material  had  been 
removed  under  watei’-pump'  vacuo  concentrated  hydrochloric  acid  (40  d. ) 
was  addul.  The  mixture  boeax/o  warn,  was  cooled  in  running  water, 
and  then  heated  for  4 hours  at  65  . Water  (40  ml.)  w as  aided,  the 
acid  isclatel  by  continuous  extraction  with  ether  and  distilled  in  a 
short-path  still  at  120  - 15C°/lC“2ixu  to  give  a straw-coloured 
distillate  (3.1  g. which  contained  no  fluorine. 

N-.Vopniol,  treated  in  the  same  way  (except  that  the  dehydrogen- 
ation wa a carried  out  at  stm sphere  pircssuro)  gave  d. -hydroxybutyric 
acid  in  yjp  yield. 

(b)  Preparation  flron  epifluorohydrin 

The  epifluorohydrin  was  prepared  by  heating  epichlorohydrin  in 
a rotating  autoclave  (2C0  r.p.m. ) at  19*3  ~ 205'  for  12  hours  with  dry 
powdered  potassium  fluoride  (1.5  mo  Is.)  (c.f.  (ll)).  The  temperature 
must  not  be  raised  above  21C°  otherwise  extensive  polymerisation 
occurs.  After  coding,  the  liquid  ecr tents  of  the  autoclave  was 
distilled  out  under  a vacuum  of  14  cm.,  the  receiver  being  cooled  to 
-1C0.  The  product  was  twice  distilled  through  a 15"  Penske  column 
to  give  epifluorohydrin,  b.p.  85°,  ND2'  1.3^73,  in  ikp  overall  yield, 

57/3  yield  calculated  on  recovered  opdchlorohydrin. 


The  oxidation  of  the  epii'luorohydrin  was  carried  out  as  follows. 
Epifluorohydrin  (58  g. ) was  dropped  during  13  minutes  with  stirring 
into  a mixture  of  water  (58  ml.)  and  nitric  acid  (S.&.  1.42;  20  ml.) 
contained  in  a 500  ml.  flask,  fitted  with  a d nible-aurfaco  condenser, 
glass  mercury-seal  stirrer  and  separating  funnel  and  heated  on  a 
stoam-bath.  More  nitric  arid  (ICC  ml.)  was  then  added,  the  mixture 
heated  for  a further  } hours  and  left  overnight  at  room  temperature. 
Water  and  nitric  acid  were  removed  unlcr  water-pump  vacuo;  the 
presence  of  traces  of  hydro-fluoric  acid  results  in  the  formation  of 
small  amounts  of  silica.  Hot  water  ('i  l)  was  added,  followed  by 
powdered  calcium  carbonate  until  effervescence  ceased  (abgut  ~IC  g.). 
The  precipitate  of  calcium  oxalate  was  filtered  off  at  60  , the 
filtrate  acidified  with  concentrated  hydrochloric  acid  (ICC  ml.)  and 
the  fluerolactic  acid  isolated  by  continuous  extraction  with  ether. 

On  esterification  by  azeotropic  distillation  with  ethanol  and  benzene 
it  gave  ethyl  fluorolactato  (40  g;  383),  b.p.  ?4°/l2  mm.; 

1.4078.  Pound:  C 44-4  H 6.7;  C^HqO^P  requires  C 44.1  H 6.7$ 
Esterification  of  the  acid  by  boiling  under  reflux  for  5 hours  with 
absolute  ethanol  (2CC  ml.)  containing  5/-  hydrochloric  acid  gave  a 
363  overall  yield  cf  the  ester. 

The  p-nitrobenzoate  of  ethyl  flucre lactate  formed  needles, 
nap.  67  - 67* 5C,  after  two  recrystallisatiors  from  4 0/60  petroleum 
ether.  It  was  dried  at  4C°/2  cm.  for  10  hours  before  analysis. 

Pound:  C 5C.7  H 4*4;  C12^120^^  requires  C 5O.5  H 4.2$.  The 

benzoate  is  on  oil  which  could  not  be  crystallised. 

A portion  of  the  eater  was  hydrolysed  to  the  acid  which  distilled 
at  ICC0/  31  m.  Pluorolactic  acid  i'ormed  a i.-bromcp'nenacyl  ester, 
nap.  126°,  after  three  recrystallisatiuns  f.vc  methanol.  Pound: 

C 42.6  H 3*5;  ^ roquirel  0 43-3  K 3.3/->* 

Attempts  to  prop  re  iluorolac-'-jJ.  1 ; by  s i"  ration  of  the  ester 
with  air:  onia  gavs  a brown  oil  •..•bleu  r..ul-  ■ e ■'■rvstaJ.lised. 

(c)  Attempted  oxidation  of  flu  u Qj.nct ate  fluoropyruvate. 

The  oxidation  of  fluorolactato  with  perrangrnate  was  performed 
essentially  as  described  in  Organic  Syntheses  (f) , . excepting  that 
benzene  was  substituted  for  petroleum  ether  because  of  the 
insolubility  of  the  ester  in  the  latter.  Also,  the  amount  of 
sodium  dihydrogen  phosphate  was  increased  so  as  exactly  ;o  neutralise 
the  alkali  formed.  However,  from  the  reaction  between  ester  (6.8  g) 
benzene  (50  ml.),  potassium  permanganate  (6,6  g.),  3odium  dihydrogen 
phosphate  (6.6  g)  and  saturated  magnesium  sulphate  (15  ml.)  only 
unchanged  fluorolactate  (3.6  3.)  identified  by  boiling  point  and 
refractive  index,  was  isolated. 
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Ths  acid  hydrolysis  of  ethyl  fluoroxalacetate 


5N-hydrochloric  acid.  (90  ml.)  was  added  carefully  with  shaking 
to  ethyl  fluoroxalagetate  (12  g. ),  the  temperature  of  the  reactants 
being  kept  below  4b  by  cooling.  After  standing  at  room  temperature 
for  2 days  the  mixture  was  heated  at  7C  - 80°  until  effervescence 
ceased  (about  1 hour),  cooled  and  extracted  continuously  with  ether. 

The  dried  ether  extract  was  evaporated  and  distilled  underoreduced 
pressure  to  give  a seuicrystalline  3olid  (1.5  g. ) , b.p.  63  /2  mm. 

It  could  be  recrystallised  with  difficulty  from  benzene  and  formed 
hygroscopic  needles,  m.p.  about  72' . Pound:  equivalent  weight  83; 
Cyi^O^F  requires  equivalent  weight  1C6.  It  contained  fluorine  but 

gave  only  a slight  precipitate  with  a 2N-hydrochloric  acid  solution 
of  2,4-dinitrophenylhydrazine. 

In  another  experiment  the  acid  ‘obtained  from  the  hydrolysis  of 
the  fluoroxalacetate  was  esterified  by  azeotropic  distillation  with 
benzene  ard  ethanol  and  then  distilled  in  vacuo.  The  resulting  ester 
had  b.p.  75%5  ran.,  NQ25  I.4G78.  Pound:  C 45.4  H 6.1;  C^H^F 

requires  C 44.8  H 5«3/u  ^7hen  hydrolysed  to  the  acid  .and  treated  with 

dinitrophenyl-hydrfuaino  solution  only  a slight  milkiness  formed. 

Condensation  of  ethyl  fluoroxalacetate  with  benzaldehyde  and  hydrolysis 
of  the  product. 

Vi'hen  a stream  of  dry  lydrochloric  acid  gas  was  passed  through  a 
mixture  of  ethyl  fluoroxalacetate  (13.4  g. ) and  benzaldehyde  (6.0  g.) 
for  | hour  (c.f. (14))  it  increased  in  temperature  and  turned  first 
light  brown,  finally  light  green  in  colour.  After  7 days  at  room 
temperature  5N-hydrochloric  acid  (80  ml.)  was  added,  the  solution 
boiled  under  reflux  for  4 hours > end  then  extracted  continuously  with 
ether.  The  ether  extract  was  neutralised  with  aqueous  sodium 
bicarbonate,  the  upper  layer  containing  benzaldehyde  withdrawn  aid  the 
lower  layer  acidified  and  extracted  continuously  with  ether.  The 
ether  solution  was  dried,  evaporated  and  distilled  in  vacuo  through  a 
short-path  still  to  give  a liquid,  b.p.  13C°/l5  no.  (l.2  g.),  which 
partly  crystallised  on  standing.  It  did  not  react  with  dinitro- 
pherylhydrazine  solution. 
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